The long-term projection of nipple reconstruction is a challenge. Fifty-eight consecutive female patients underwent 58 nipple reconstructions with modified top hat flap with cartilage graft following breast reconstruction in 54 autologous tissues and 4 implants, respectively.
C reation of the nipple-areolar complex using either autologous tissues or prosthetic implants is the final step following breast reconstruction. Clinical reports suggest that creation of an esthetically pleasing nipple with adequate volume and projection is a key determinant in patient satisfaction following reconstruction. 1 Over the last 2 decades, a significant number of reconstructive techniques (including the skate, bell, and star flaps and their variations) have been proposed to achieve this goal. While some of these techniques employ the use of composite 2 or alloplastic 3 materials, most rely on the use of dermal tissues and subcutaneous fat to provide desirable 3-dimensional outcomes, including adequate projection. 4 -7 Unfortunately, while the use of these techniques often provides predictable results, the reconstructed nipple is subject to gradual loss in nipple projection, with reported decreases in projection of 41% to 77% between 1 and 3 years postoperatively. 4,8 -10 The Asian nipple is proportionately large and prominent, and thus it is difficult to maintain adequate projection using conventional techniques. To address this issue, the authors have used banked cartilage graft to augment the reconstructed nipple, with good cosmetic results. 11 A small collection of studies have documented difficulty maintaining long-term projection following nipple reconstruction using skin fat grafts, 8 -10 but few have examined the benefits of incorporating cartilage grafts. 12 Furthermore, no study has provided long-term results of nipple reconstruction in the Asian population. The purpose of this study was to investigate the long-term results of nipple reconstruction in Asian females using a modified top hat flap and a banked costal cartilage graft.
MATERIALS AND METHODS
Between July 2001 and December 2004, 58 consecutive female patients underwent 58 nipple reconstructions using the modified top hat flap with banked costal cartilage graft after autologous tissue transfers or implants for breast reconstruction at Chang Gung Memorial Hospital. Nipple reconstruction was performed at least 3 months post-breast reconstruction and not until the patient had completed chemotherapy or radiotherapy.
The average age of the women in this study was 44.8 years (range, 28 -64 years). There were 40 delayed (Table 1) and 18 immediate (Table 2 ) breast reconstructions. There were 54 breast reconstructions using autologous tissue transfers, including 40 deep inferior epigastric perforator (DIEP) flaps, 8 superficial inferior epigastric artery (SIEA) flaps, 3 free transverse rectus abdominis myocutaneous (TRAM) flaps, 1 pedicled TRAM flap, 1 superior gluteal artery perforator (GAP) flap, and 1 latissimus dorsi myocutaneous flap with implant. Four patients underwent immediate unilateral breast reconstructions with an implant (Fig. 1) . Thirty nipple 
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reconstructions were performed on the right breasts, while 28 were done on the left breasts. The results of every patient were evaluated based in a telephonic interview to every patient in terms of overall esthetic outcome of the nipple reconstruction using a scale of excellent, good, fair, and poor result.
Surgical Technique
Our technique described previously 11 employs the use of a 10-mm segment of costal cartilage, which was harvested during exposure of the internal mammary artery (IMA), the recipient site for breast mound reconstruction. The third costal cartilage is harvested with a cuff of perichondrium, stored in saline gauze until the completion of flap inset, and then banked between the flap and adjacent skin, usually at 6 o'clock position. The fourth costal cartilage is harvested when the breast reconstruction is performed with implants and placed above the pectoralis major at the 3 o'clock position in the right breast or the 9 o'clock position in the left breast.
The ideal position for the neonipple, indicated by circle a-aЈ to bЈ-b, is outlined while the patient is standing upright (Fig. 2) . The height of the neonipple is designed to be 20% taller than the contralateral nipple, accounting for predictable resorption.
A modified top hat flap is designed with the reconstructed nipple height represented as the line between a to aЈ (Fig. 2) . The neonipple circumference should be approximately 20% greater than the neonipple height multiplied by 3.14 ( Fig. 2) . The modified top hat flap is elevated, preserving the skin and subcutaneous circulation between points a and b (Fig. 2) . During the operation, the cartilage is retrieved from its banked position and shaped as a disc with a central pillar. The pillar height is 7 mm, the disc height is 3 mm, and the disc diameter is 10 mm (Fig. 3 ). The shaped cartilage is then positioned as a central strut underneath the top hat flap and 
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Annals of Plastic Surgery • Volume 59, Number 6, December 2007 anchored to the surrounding dermis with 3-0 PDS, giving a total reconstructed nipple height of 12 mm (Fig. 3) . The 2 lateral wing flaps and the top hat flap are then wrapped around the cartilage strut and closed with 5-0 Ethilon. Following the procedure, a light dressing and antibiotic ointment are applied (Fig. 3) .
RESULTS
The average initial neonipple height was 11.5 mm (range, 7-17 mm). At a mean follow-up of 44.9 months (range, 24 -65 months), the average neonipple height was 8.5 mm (range, 5-12 mm). The mean decrease in neonipple projection was 26.1% (Tables 1 and 2 ). There were few complications related to breast mound reconstruction: one patient required revision of the arterial anastomosis with a vein graft, and one patient required revision of a venous anastomosis with a graft. No patients developed thoracic complications following removal of the costal cartilage.
The average period between the breast and nipple reconstructions was 9.3 months (range, 3-24 months). Of 58 nipple reconstructions, the complication rate was 12.1% (7 of 58 cases). The rate of neonipple revision was 8.6% (5 of 58 cases). The early complications of nipple reconstruction included partial necrosis of the wing flap margins in 2 patients, which were left to heal by secondary intention, with acceptable scarring and nipple projection. Two patients (cases 22 and 37 at the delayed reconstruction group) with partial flap loss and costal cartilage exposure needed a local V-Y advancement flap for coverage. The late complications noted during follow-up included inversion of the cartilage graft in 1 patient, tilting of costal cartilage with loss of nipple height in 2 patients. These 3 patients with inversion or tilting of the costal cartilage required revision for correction of the nipple height (Table 1 and 2 ).
The complication rates between different groups were calculated using the 2-tailed Fisher exact test, and the association between the groups was considered statistically significant if the P Ͻ 0.05. The complication rates between the immediate (2 of 18 cases) and delayed (5 of 40 cases) breast reconstructions groups were not statistically significant (Fisher exact test, P ϭ 0.33). The complications rates between autologous tissue transfer and implant groups were not statistically significant (Fisher exact test, P ϭ 0.62). The complication rates between different breast reconstruction techniques using DIEP, SIEA, TRAM, GAP, LD flap, and implant groups were not statistically significant.
Associated risk factors for postoperative complications included preoperative radiation therapy in 3 patients, smoking in 1 patient, and family history of breast cancer 1 patient. Obesity was not encountered in this series. The complication rates between risk (0 of 5 cases) and nonrisk (7 of 58 cases) patients groups were not statistically significant (Fisher exact test, P ϭ 0.55). Most scarring of the neonipple was disguised when the neoareola is tattooed (35-40 mm in diameter). None of the patients requested scar revision for the reconstructed neonipple. There were no patient complaints related to discomfort caused by the banked costal cartilage.
In most patients, the results were perceived as either good or excellent by the patients; 33 patients achieved an excellent result (Figs. 4 -7) ,20 patients a good result, 3 patients a fair result, and 2 patients a poor result, respectively.
Case Presentations Case 1
A 46-year-old female diagnosed with ductal carcinoma in situ of the right breast underwent a modified radical mastectomy with immediate reconstruction, using a DIEP flap, in June 2001 (Fig. 4) . No adjuvant radiotherapy or chemotherapy was required. The nipple-areolar reconstruction was performed 5 months later (Fig. 4) . The reconstructed nipple maintained a projection of 10 mm in height at 46 months of follow-up (Fig. 4 ) (patient 5 in Table 2 ).
Case 2
A 44-year-old female with a family history of breast cancer underwent delayed breast reconstruction using a free 
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Modified Top Hat Flap and Cartilage Graft TRAM flap in April 2001. The nipple reconstruction using modified top hat flap with banked costal cartilage graft was performed 7 months later. At a 33 months' follow-up, the reconstructed neonipple maintained a height of 12 mm (Fig.  6 ) (patient 18 in Table 1 ).
DISCUSSION
Nipple reconstruction is the culminating step in breast reconstruction of the female breast following mastectomy. In Asian women, the proportionately small areola and large, prominent nipple offer a reconstructive challenge. Extensive use of the modified top hat flap in the Asian population has prompted a series of technical improvements.
As discussed earlier, inversion of the cartilage graft in its subcutaneous pocket occurred once. We feel that suturing the cartilage base to the dermis of the surrounding flap with nonabsorbable suture material prevented any further occurrence of cartilage inversion. In our early experience using this flap, minimal necrosis of the lateral flap edges at the inferior portion of the nipple was noted. It was thought that this was related to the tightness of the nipple's lateral wing flaps around the strut of the central costal cartilage. In an effort to avoid any further skin loss at the margins of the flap, the total length of the lateral wing flaps was increased 20% (at least 40 mm) more than the designed nipple height multiplied by 3.14 (given a 12-mm circumference).
We have also noticed that while the orientation of the flap is flexible, the choice of orientation has consequences. The majority of the flaps are based on a superior skin pedicle. This orientation allows for final scarring along the inferior side of the nipple, making it less noticeable to the patient. Furthermore, given the course of perforators from the IMA, we hypothesize that this orientation provides a more reliable blood supply to the skin flap. However, scarring at the inferior pole of the nipple, which occurs with superiorly based flaps, can tether the nipple and decrease projection.
Although there is extensive literature documenting the various techniques employed in nipple reconstruction, few report long-term follow-up. 4,8 -11 All of these studies conclude that techniques which rely solely on skin and subcutaneous fat fail to maintain long-term nipple projection. Rates of shrinkage have been reported to be greater than or equal to 50%. The literature supports long-term success using costal cartilage as a strut in nipple reconstruction. 11, 12 We found that the reconstructed nipples using a costal cartilage graft exhibited a marked resistance to soft-tissue collapse. As demonstrated by the cases presented above, we have found that our technique provides adequate projection, with gradual loss in projection on the order of 26.1%. Furthermore, our study took place in a population of Asian females in whom 
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Modified Top Hat Flap and Cartilage Graft nipple projection is a more pressing esthetic concern. Of note, nipple hypertrophy is more prominent in the Asian population when compared with the Caucasian population. Occasionally, contralateral nipple reduction via a modified top hat flap technique is performed on the opposite hypertrophic nipple to achieve a more pleasing and symmetric result. 13 In an era when breast reconstruction using microsurgical techniques is becoming increasingly widespread, costal cartilage offers a convenient source of donor tissue. Since the internal mammary vessels are often the recipient vessels for reconstruction using free TRAM, DIEP, or SIEA flaps, harvest of costal cartilage during approach to the vessels is performed without exploring other surgical sites. Consequently, costal cartilage may represent the donor site with the least added surgical morbidity. Furthermore, it is noteworthy that in the present study there were no patient complaints related to subcutaneous storage of the cartilage graft. Preservation of the perichondrium may have contributed to the minimal cartilage resorption or warping observed in the retrieved costal cartilage graft at the mean of 9.3 months (range, 3-24 months) post-breast reconstruction in this series.
Here we have provided long-term follow-up in a series of Asian female patients who underwent nipple reconstruction using a modified top hat flap and banked costal cartilage graft. Using this technique, the authors have been able to reconstruct a nipple that closely approximates its normal contralateral partner. This procedure is easy to perform and provides increased sustained nipple projection without increased donor-site morbidity. The procedure is versatile in breast reconstruction using either microsurgical free tissue transfer or implant.
